Objective: To reassess the evidence for management issues related to the care of women with epilepsy (WWE) during pregnancy. Results: It is highly probable that intrauterine first-trimester valproate (VPA) exposure has higher risk of major congenital malformations (MCMs) compared to carbamazepine and possible compared to phenytoin or lamotrigine. Compared to untreated WWE, it is probable that VPA as part of polytherapy and possible that VPA as monotherapy contribute to the development of MCMs. It is probable that antiepileptic drug (AED) polytherapy as compared to monotherapy regimens contributes to the development of MCMs and to reduced cognitive outcomes. For monotherapy, intrauterine exposure to VPA probably reduces cognitive outcomes. Further, monotherapy exposure to phenytoin or phenobarbital possibly reduces cognitive outcomes. Neonates of WWE taking AEDs probably have an increased risk of being small for gestational age and possibly have an increased risk of a 1-minute Apgar score of Ͻ7.
Recent estimates of the US population 1 and the prevalence of epilepsy 2 indicate that approximately onehalf million women with epilepsy (WWE) are of childbearing age. It has also been estimated that three to five births per thousand will be to WWE. 3 Epilepsy is defined by the presence of recurrent, unprovoked seizures, and the treatment is typically a daily, long-term antiepileptic drug (AED) regimen. The majority of people with epilepsy have well-controlled seizures, are otherwise healthy, and therefore expect to participate fully in life experiences, including childbearing.
This parameter summarizes evidence for three important issues regarding the clinical management of WWE who are pregnant or plan pregnancy:
1. What is the risk of major congenital malformations (MCMs) associated with intrauterine exposure to AEDs in neonates born to WWE? 2. What is the risk of adverse long-term cognitive outcomes in children born to WWE? 3. What is the risk of death, low birthweight, and low Apgar scores in neonates born to WWE?
DESCRIPTION OF THE ANALYTIC PROCESS
The panel formation, literature search strategy, and literature analytic process are described in the companion article. 4 
ANALYSIS OF EVIDENCE Major congenital mal-
formations. Fifty-two relevant articles were identified by the literature search. Articles were classified for risk of bias using American Academy of Neurology (AAN) criteria for classification of evidence for causality (appendix e-4A on the Neurology ® Web site at www.neurology.org). Studies rated Class III or higher that contributed to conclusions are summarized in tables e-1 through e-5.
MCMs were defined as structural abnormalities with surgical, medical, or cosmetic importance. 5 Minor malformations such as facial dysmorphism were not considered in the statistical analysis. For the purpose of this parameter, the presence of MCMs was considered an objective outcome. To attain a Class I or II rating, the study must have accounted for confounding by maternal age and socioeconomic status.
The contribution of maternal epilepsy to the risk of MCMs is not specifically considered herein, since the evidence is unclear and the risk, if any, appears small. 6 However, it cannot be stated that the risk imparted by maternal epilepsy is zero. Therefore, we addressed the question regarding risk of MCMs due to AEDs taken during the first trimester by including only studies where WWE not taking AEDs served as comparators. We acknowledge that the severity of the maternal epilepsy in terms of seizure type and frequency cannot be completely matched between comparator groups and may contribute to the difference in outcomes in the two groups. Women without epilepsy who were taking AEDs for other reasons were not included.
For the subsequent questions, the evaluation is focused on the risks of AEDs compared to each other, or findings specific to an individual AED such as a dose-malformation relationship. Therefore, three studies used in answering these questions [7] [8] [9] include the offspring of mothers who took AEDs for various indications.
Do AEDs taken during the first trimester of pregnancy increase the risk of MCMs in the offspring of WWE compared to the offspring of WWE not on AEDs? AEDs in general.
One Class I study 10 Carbamazepine. One Class I study 10 found no increased risk of MCMs in the offspring of WWE taking carbamazepine (CBZ) (RR 0.63, CI 0.28 -1.41).
Lamotrigine. One Class I study 10 observed no increased risk of MCMs in the offspring of WWE taking lamotrigine (LTG) (RR 0.92, CI 0.41-2.05) but was insufficiently sensitive to exclude a substantially increased risk.
The absolute risk of MCMs in the largest Class I study 10 with at least 80 outcomes per AED is as follows: CBZ (n ϭ 900) 2.2% (CI 1.4 -3.4), VPA (n ϭ 715) 6.2% (CI 4.6 -8.8), LTG (n ϭ 647) 3.2% (CI 2.1-4.9), phenytoin (PHT) (n ϭ 82) 3.7% (CI 1.3-10.2). 7 revealed that VPA monotherapy is associated with a greater risk for MCMs than CBZ monotherapy.
Conclusions
One Class I study 10 and one Class II study 11 showed that VPA as part of polytherapy was associated with greater risk than polytherapy without VPA (OR 2.49, CI 1.31-4.70, 10 and OR 1.97, CI 0.58-6.66
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). One Class II study 12 showed that VPA is associated with a greater risk than PHT (OR 9.06, CI 1.13-72.14).
We performed comparisons for three of the four Class III studies, using primary data from the articles. [13] [14] [15] All significant comparisons between AEDs are reported herein. In two Class III studies, 13 14 The third Class III study 15 showed VPA was associated with greater risk than phenobarbital (PB) (RR 5.66, CI 1.19 -26.88).
All four Class III studies showed VPA was associated with greater risk than all other monotherapies combined. We compared VPA to CBZ, LTG, and PHT in two studies and found increased risk in both (RR 5.6, CI 2.42-12.92, 13 and RR 4.59, CI 2.07-10.18). 14 In the third Class III study, 15 we compared VPA to PB, CBZ, PHT, and primidone and found increased risk (RR 3.25, CI 1. 27-8.33 ). In the fourth Class III study, we found increased risk of VPA compared to three undisclosed AEDs (OR 4.0, CI 2.1-7.4).
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Conclusions
• It is highly probable that taking VPA monotherapy during the first trimester of pregnancy contributes to the development of MCMs in the offspring of WWE compared to taking CBZ (two Class I studies).
• VPA as part of polytherapy in the first trimester of pregnancy probably contributes to the development of MCMs in the offspring of WWE compared to polytherapy that does not include VPA (one Class I study).
• Taking VPA during the first trimester of pregnancy possibly contributes to the development of MCMs in the offspring of WWE compared to taking PHT (one Class II study).
• Taking VPA during the first trimester of pregnancy possibly contributes to the development of MCMs in the offspring of WWE compared to taking LTG (two Class III studies).
Recommendations
• To reduce the risk of MCMs, the use of VPA during the first trimester of pregnancy should be avoided, if possible, compared to the use of CBZ (Level A).
• To reduce the risk of MCMs, avoidance of the use of polytherapy with VPA during the first trimester of pregnancy, if possible, should be considered, compared to polytherapy without VPA (Level B).
• To reduce the risk of MCMs, avoidance of the use of VPA during the first trimester of pregnancy, if possible, may be considered, compared to the use of PHT or LTG (Level C). 12 demonstrated no increased risk with polytherapy. However, these studies were insufficiently sensitive to exclude a substantially increased risk.
Conclusion. Polytherapy probably contributes to the development of MCMs in the offspring of WWE as compared to monotherapy (one Class I study).
Recommendation. To reduce the risk of MCMs, avoidance of the use of AED polytherapy during the first trimester of pregnancy, if possible, compared to monotherapy should be considered (Level B).
Is there a relationship between AED dose and the risk of MCMs in the offspring of WWE? All studies evaluated AED dose in the first trimester and MCMs. In one Class I study, 10 a relationship between AED dose and risk of MCMs was reported for LTG but not VPA. Using the Cochran Armitage method, 17 we found a significant dose relationship with VPA (exact tests one-sided p ϭ 0.02, two-sided p ϭ 0.04) and with LTG (exact tests one-sided p ϭ 0.01, two-sided p ϭ 0.02), but not with CBZ (exact tests one-sided p ϭ 0.19, two-sided p ϭ 0.31). Two Class II studies 11, 12 and six Class III studies [13] [14] [15] [18] [19] [20] also found a relationship between VPA dose and MCMs. The VPA dose above which MCMs were significantly more likely to occur was not consistent, but was approximately 1,000 mg daily in five studies. 12, 13, [18] [19] [20] Conclusion. There is probably a relationship between the dose of VPA and LTG and the risk of development of MCMs in the offspring of WWE (one Class I study).
Recommendation. Limiting the dosage of VPA or LTG during the first trimester, if possible, should be considered to lessen the risk of MCMs (Level B).
Are there specific MCMs associated with specific AEDs? One Class I study 10 showed increased risk of neural tube defects and facial clefts with VPA (RR 5.32, CI 1.38 -20.50 for neural tube defects and RR 4.18, CI 1.55-11.25 for facial clefts). One Class II study 8 showed increased risk for cleft palate with PHT and posterior cleft palate with CBZ. Another Class II study 12 showed increased risk of neural tube defects and hypospadias with VPA. Two Class III studies showed increased risk of spina bifida with VPA, 9, 21 and one showed increased risk of hypospadias. 9 Two Class III studies 9, 15 showed increased risk of cardiac malformations associated with PB.
Conclusions
• PHT exposure in utero possibly contributes to the risk of cleft palate (one Class II study).
• CBZ exposure in utero possibly contributes to the risk of posterior cleft palate (one Class II study).
• VPA exposure in utero probably contributes to neural tube defects and facial clefts (one Class I study) and possibly contributes to hypospadias (one Class II study).
• PB exposure in utero possibly contributes to cardiac malformations (two Class III studies).
Recommendations
• Avoidance of the use of VPA, if possible, should be considered to reduce the risk of neural tube defects and facial clefts (Level B) and may be considered to reduce the risk of hypospadias (Level C).
• Avoidance of PHT, CBZ, and PB, if possible, may be considered to reduce the risk of specific MCMs: cleft palate for PHT use, posterior cleft palate for CBZ use, and cardiac malformations for PB use (Level C).
Cognitive teratogenesis. Thirteen relevant articles were identified by the literature search (table e-6). These were rated for risk of bias using the AAN causality evidence classification scheme (appendix e-4A). The outcome measure was an assessment of the child's IQ at age 2 years or older. Because maternal IQ has an important influence on child IQ, 22 studies were downgraded if they did not control for maternal IQ. Unlike the analysis for MCM risk, the cognitive risk related to AED exposure was not confined to the first trimester, since risk due to exposure may be present throughout pregnancy, as suggested by the literature.
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Is cognitive outcome reduced in children of WWE who are not exposed to AEDs in utero? Two Class II studies 24, 25 observed that cognition is not reduced in children of WWE unexposed to AEDs. One was a blinded observational study 24 comparing the IQ of 64 children of WWE not taking AEDs with 121 controls. No important differences in IQ were found. The other study 25 showed no difference in the IQ of 57 children of untreated WWE and 57 control children matched for age, race, and socioeconomic status.
Conclusion. Cognition is probably not reduced in children of WWE who are not exposed to AEDs in utero (two Class II studies).
Recommendation. Counseling of WWE who are contemplating pregnancy should reflect that there is probably no increased risk of reduced cognition in the offspring of WWE not taking AEDs (Level B).
Is cognition reduced in children of WWE exposed to AEDs in utero?
AEDs in general. Two Class II studies 26, 27 and one Class III study 28 showed reduced cognition in the children of WWE on AEDs. One Class II study 29 and one Class III study 30 showed no reduction. The outcome measures for the studies included IQ testing, development quotient testing, or an assessment of developmental milestones. Differences across studies are likely due to variance in design and inadequate control for confounding factors.
Carbamazepine. Two Class II studies 24, 31 and three Class III studies 30, 32, 33 showed CBZ does not increase the risk of poor cognitive outcomes compared to unexposed controls.
Valproate. Two Class II studies 24, 31 showed VPA poses an increased risk of poor cognitive outcomes compared to unexposed controls.
Phenytoin. One Class II study 34 and two Class III studies 30, 33 showed PHT poses an increased risk for poor cognitive outcomes compared to unexposed controls.
Phenobarbital. Two Class III cohorts (analyzed separately in a single report) of adult men exposed in utero to PB found reduced cognitive abilities compared to normative populations. 23 
Conclusions
• There is insufficient evidence to determine if the children of WWE on AEDs in general are at increased risk for reduced cognition (conflicting Class II studies).
• CBZ probably does not increase poor cognitive outcomes compared to unexposed controls (two Class II studies).
• VPA is probably associated with poor cognitive outcomes compared to unexposed controls (two Class II studies).
• PHT is possibly associated with poor cognitive outcomes compared to unexposed controls (one Class II and two Class III studies).
• PB is possibly associated with poor cognitive outcomes in male offspring of WWE compared to unexposed controls (two Class III studies).
Recommendations
• CBZ exposure probably does not produce cognitive impairment in offspring of WWE (Level B).
• Avoiding VPA in WWE during pregnancy, if possible, should be considered to reduce the risk of poor cognitive outcomes (Level B).
• Avoiding PHT in WWE during pregnancy, if possible, may be considered to reduce the risk of poor cognitive outcomes (Level C).
• Avoiding PB in WWE during pregnancy, if possible, may be considered to reduce the risk of poor cognitive outcomes (Level C).
Does AED polytherapy exposure during pregnancy pose an increased risk for poor cognitive outcome compared to monotherapy? Three Class II studies 24, 26, 35 showed that cognitive outcomes are reduced in children exposed to AED polytherapy compared to monotherapy. Outcome assessments included IQ, verbal IQ, and the Columbia Mental Maturity Scale.
Conclusion. Cognitive outcomes are probably reduced in children exposed to AED polytherapy as compared to monotherapy in utero (three Class II studies).
Recommendation. Monotherapy should be considered in place of polytherapy, if possible, for WWE who take AEDs during pregnancy to reduce the risk of poor cognitive outcomes (Level B).
Is exposure to a specific AED in utero associated with poor cognitive outcomes compared to other AEDs? Valproate.
Two Class II studies 24, 31 demonstrated reduced cognitive outcomes in children exposed to VPA during pregnancy compared to children exposed to CBZ. In one of the studies, the risk was also greater than that of PHT.
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Other AEDs. There was no evidence rated Class III or higher regarding other AEDs.
Conclusions
• Cognitive outcomes are probably reduced in children exposed to VPA during pregnancy compared to CBZ (two Class II studies).
• Cognitive outcomes are possibly reduced in children exposed to VPA during pregnancy compared to PHT (one Class II study).
Recommendations
• For WWE who are pregnant, avoidance of VPA, if possible, should be considered compared to CBZ to reduce the risk of poor cognitive outcomes (Level B).
• For WWE who are pregnant, avoidance of VPA, if possible, may be considered compared to PHT to reduce the risk of poor cognitive outcomes (Level C).
Adverse perinatal outcomes. Thirteen relevant articles were identified by the literature search (table e-7). Articles were rated for risk of bias using the AAN prognostic classification of evidence scheme (appendix e-4B). The outcomes evaluated included 1) small for gestational age (SGA), defined as birthweight below the 10th percentile for the study population when adjusted for gestational age and gender; 2) perinatal death; and 3) Apgar scores.
Is there an increased risk of SGA outcomes in neonates born to WWE? Two Class II studies 36, 37 showed increased risk of SGA for offspring of WWE taking AEDs. In one Class II study, pregnancies to WWE taking AEDs had more than twice the risk of SGA outcomes (n ϭ 87) (OR 2.3, CI 1.3-4.0). 36 Pregnancies to WWE not taking AEDs did not show a significantly increased risk of SGA (OR 1.6, CI 0.9 -2.6). However, the study was insufficiently sensitive to exclude a substantially increased risk.
Another Class II study 37 observed twice the risk of SGA in pregnancies of WWE taking AEDs compared to controls (n ϭ 127) (OR 2.16, CI 1.34 -3.47, absolute risk 17.3%). The authors found no increased risk for SGA in the offspring of WWE not taking AEDs.
Conclusion. Neonates of WWE taking AEDs probably have an increased risk of SGA of about twice the expected rate (two Class II studies).
Recommendation. Pregnancy risk stratification should reflect that the offspring of WWE taking AEDs during pregnancy probably have an increased risk of SGA. Further, AED use in WWE during pregnancy should be considered in the differential diagnosis of SGA in their offspring (Level B).
Is there an increased risk of perinatal death in neonates born to WWE? Two Class II 38,39 studies observed no increased risk of perinatal death (OR 0.57, CI 0.18 -1.77). 39 The studies were insufficiently sensitive to exclude a moderately increased risk.
Conclusion. There is probably no substantially increased risk of perinatal death in neonates born to WWE (two Class II studies).
Recommendation. Pregnancy risk stratification should reflect that neonates born to WWE probably do not have a substantially increased risk of perinatal death (Level B).
Are Apgar scores lower in neonates born to WWE?
One Class II study 37 showed increased risk of 1-minute Apgar scores of Ͻ7 for WWE taking AEDs (n ϭ 127) (OR 2.29, CI 1.29 -4.05, absolute risk 11.0%). Further, this study showed increased rate of neonatal intensive care unit admission for neonates born to WWE taking AEDs. These two outcomes were not increased for the offspring of WWE not taking AEDs. Two Class III studies 40,e1 showed lowered Apgar scores compared to controls and three Class III studies 38,39,e2 did not. None of these Class III studies reported point estimates of comparative risks.
Conclusion. Neonates of WWE taking AEDs possibly have an increased risk of 1-minute Apgar scores of Ͻ7 of about twice the expected rate (one Class II study).
Recommendation. Pregnancy risk stratification should reflect that the offspring of WWE taking AEDs during pregnancy possibly have an increased risk of 1-minute Apgar scores of Ͻ7. Further, AED use in WWE during pregnancy may be considered in the differential diagnosis of a 1-minute Apgar score of Ͻ7 in their offspring (Level C).
Other perinatal outcomes such as respiratory distress, intrauterine growth retardation, and neonatal intensive care unit admission did not have adequate data to make conclusions.
CLINICAL CONTEXT This parameter focuses on the pregnancy-related risks of AEDs. However, it does not evaluate the risks of not taking AEDs during pregnancy. The seizure-prevention benefits of taking AEDs are clear for the nonpregnant patient and these same benefits apply for the pregnant patient and extend to the protection of the fetus from maternal seizures. Although many of the recommendations in this parameter suggest minimizing AED exposure during pregnancy, for most WWE, discontinuing AEDs is not a reasonable or safe option. Although the risks of seizures during pregnancy have not been systematically studied, discontinuing AEDs may expose the mother and fetus to physical injury from accidents arising from partial or generalized seizures. Decision pathways to assist in deciding when to discontinue AEDs are available.
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Based upon the evidence reviewed, it seems reasonable to switch WWE of childbearing potential to a less teratogenic regimen when possible. The use of VPA is a particular dilemma. While VPA is an effective AED, e4 it emerges as the AED with the greatest number of data showing an association with risk from in utero exposure. If the change from VPA to another AED is planned, it seems prudent to do this well before pregnancy to make sure the new treatment adequately prevents seizures. Changing to another AED during pregnancy poses risk of allergy, other serious adverse reactions, and polytherapy exposure. Once a patient is pregnant, changing from VPA several weeks into gestation will not avoid the risk of MCMs, since this phenomenon occurs very early in pregnancy. This may also apply to cognitive teratogenesis, since the timing of exposure related to this adverse outcome is unknown.
For many AEDs, in particular the newer AEDs, there were too few patients in the studies to make conclusions, and the teratogenicity of these drugs is unknown.
The finding that some MCMs occur more frequently with specific AED exposure needs to be viewed in context. MCMs seen more frequently with VPA, such as neural tube defects, can also be present with exposure to other AEDs, demonstrating that this is not an AED-specific MCM. Like other teratogens, AEDs as a teratogenic category produce a pattern of MCMs with overlap among the individual AEDs.
RECOMMENDATIONS FOR FUTURE RESEARCH Although this parameter answers some questions, it raises others that make this clinical situation even more challenging. The parameter shows an increased risk of MCMs with VPA exposure, but there is a paucity of specific information about the absolute risk of most other AEDs. This is particularly true for the newer AEDs, several of which are reasonable alternatives to VPA. With ongoing data submission to AED pregnancy registries, it is hoped that this information will soon be forthcoming.
The existence of an AED dose-malformation relationship needs to be clarified for all AEDs, with the incorporation of serum levels as well. Adverse neonatal outcomes and long-term cognitive outcomes of children exposed to AEDs in utero for both the older and newer AEDs need further clarification, as do the short-term and long-term cognitive risks of AED exposure in the neonatal and infantile periods through breastfeeding.
In addition, future research should begin to evaluate metabolic systems for which modification could lower teratogenic risk, such as glutathione reductase, superoxide dismutase, epoxide hydrolase, and other toxin-scavenging mechanisms. Further, the interactions between AEDs and molecular targets such as histone deacetylase and peroxisome proliferatoractivated receptors may play a role in teratogenesis. Greater understanding of these factors may eventually permit an individualized assessment of teratogenic risk for WWE taking AEDs. 
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